ABSTRACT: The 3 lamprey species, sea lamprey Petromyzon marinus L., European river lamprey Lampetra fluviatilis L. and European brook lamprey L. planeri Bloch, that inhabit the Iberian Peninsula are of conservation concern. They are considered either Vulnerable, Critically Endangered, and even Extinct in different regions of this area mainly due to habitat loss and population fragmentation. Although several other factors contribute to the decline of lamprey populations in Iberian rivers, obstacles to migration (dams and weirs) are probably the most widespread and significant, causing an estimated 80% loss of accessible habitat in most river basins. We analysed historical records from all main Iberian rivers before the construction of impassable dams became widespread, and found that lampreys were consistently present in the upper reaches. The unblocking of the lower stretches of major river basins and the restoration of former spawning sites and larval habitats should be considered as priority measures for the conservation of these species. Identification of Special Areas of Conservation to be included in the Natura 2000 European network can also be very relevant for lamprey conservation. 
INTRODUCTION
Living lampreys are represented by 3 families with antitropical distributions. Two families are endemic to the southern hemisphere and the third to the northern hemisphere (Hubbs & Potter 1971 , Gill et al. 2003 . Northern lampreys belong to the family Petromyzontidae, which contains 38 of the 42 current species (Lang et al. 2009 ). Three of those species occur in the Iberian Peninsula (i.e. sea lamprey Petromyzon marinus L., 1758, European river lamprey Lampetra fluviatilis L., 1758 and European brook lamprey L. planeri Bloch, 1784). The first 2 are anadromous and parasitic, and the other is freshwater resident and non-parasitic. The European river and brook lampreys are considered 'paired species', i.e. they are closely related and morphologically very similar but have different modes of adult life (Zanandrea 1959) .
The Iberian Peninsula was one of the most important refugia in the European subcontinent during the Pleistocene glaciations, acting intermittently as a refugium and a source for postglacial expansion. Many species display a strong population substructure within Iberia and are actually composed of isolated populations in distinct Iberian subrefugia as a consequence of extended periods of isolation throughout the ice ages (Gómez & Lunt 2006) . The recognition of refugia and subrefugia has implications for conservation genetics, highlighting the areas where conservation efforts should be concentrated. Overall, the southern regions are of particular interest because they support most of the current genetic variation of taxa not adapted to very cold environments. Thus, overall long-term conservation may benefit from the preservation of genetic diversity in these areas (Taberlet et al. 1998) .
All lampreys of the Iberian Peninsula are of conservation concern. The sea lamprey is the only one that has economic value both in Portugal and Spain and is subjected to intensive exploitation. However, it is considered the least threatened of the 3 lampreys. In Portugal, Lampetra fluviatilis and L. planeri are currently included in the Critically Endangered category of the Portuguese Red List of Threatened Vertebrates, and Petromyzon marinus is classified as Vulnerable (Cabral et al. 2005) . In Spain, L. fluviatilis is considered Regionally Extinct, L. planeri is Critically Endangered, and P. marinus is Vulnerable (Doadrio 2001) . Globally and in Europe, the 3 species are considered of Least Concern according to the International Union for Conservation of Nature (IUCN) Red List of Threatened Species (Freyhof & Kottelat 2008a,b,c) , and the European Red List of Freshwater Fishes (Freyhof & Brooks 2011) , respectively. Yet P. marinus is considered threatened in the European countries holding the main populations (i.e. France, Spain and Portugal). Table 1 lists the current IUCN categories for each species in the countries of their natural range for which this information exists.
In this paper, we analyse the distribution, conservation status and population trends of Iberian lampreys. In particular, we compare historical and recent records of lampreys in Iberian rivers, estimate habitat loss, discuss the factors that contributed most to their decline and recommend conservation measures that may contribute to their recovery.
SYSTEMATICS
Lampreys (Superclass Petromyzontomorphi) together with the exclusively marine hagfishes (Superclass Myxinomorphi) represent the most primitive extant vertebrates (Renaud 1997) . Living lampreys are represented by 3 distinct monophyletic groups, currently recognised as distinct families. Two of these are endemic to the southern hemisphere (Geotriidae and Mordaciidae), and the third is restricted to the northern hemisphere (Petromyzontidae; Hubbs & Potter 1971 , Gill et al. 2003 .
The term 'paired species' is applied to pairs of closely related and morphologically similar lampreys of which one is non-parasitic (brook lamprey) and the other a parasitic species (Zanandrea 1959) . Vladykov & Kott (1979) introduced the more general term 'satellite species' to apply to those cases in which more than 1 brook lamprey species has apparently derived from a single parasitic species. There has been much controversy about the taxonomic status of paired lamprey species. Some earlier authors suggested that parasitic and non-parasitic forms are not fully differentiated species (e.g. Eneqvist 1937 , McPhail & Lindsey 1970 , and more recently, genetic studies using distinct molecular markers (especially mitochondrial DNA) failed to find genetic differences between lamprey species pairs (e.g. Docker et al. 1999 , Espanhol et al. 2007 , Blank et al. 2008 , Hubert et al. 2008 .
Are the ecological differences between species pairs associated with distinct gene pools, or do environmental factors trigger a divergent adult phase? There is likely not a single answer for all lamprey species pairs (Docker 2009 ). Schreiber & Engelhorn (1998) studied allozyme markers of the paired species Lampetra fluviatilis and L. planeri and suggested that there was gene flow between these species where they occurred in sympatry and that the 2 are therefore not distinct species. Also, Espanhol et al. (2007) and more recently Mateus et al. (2011a) analysed the phylogeography of Iberian and European populations of the species pair L. fluviatilis and L. planeri using the cytochrome b and ATPase (subunits 6 and 8) genes, and in both studies, the clades recovered were not species specific. Analysis of more variable genetic markers, like microsatellite loci, is needed to help understand whether this species pair is composed of 2 recently diverged species or of 2 forms of the same species. Microsatellite loci are highly polymorphic and have high mutation rates, making them especially useful for the study of fine-scale population structure as they are capable of detecting differences among closely related populations or recently diverged species (O'Connell & Wright 1997) . Mateus et al. (2011a) identified highly divergent allopatric lineages in the Iberian Peninsula and suggested the existence of a complex of incipient or cryptic species in this region. These authors identified a number of Iberian populations that merit separate management and have high priority for conservation as Evolutionary Significant Units (ESUs) or Management Units (MUs). Four ESUs were defined for Lampetra planeri, 3 exclusive to the Iberian Peninsula (Sado basin, River Nabão and Esmoriz/ Vouga basins) and another that is distributed across Europe. For L. fluviatilis, a unit including not only the threatened Iberian population but also populations from across Europe was suggested (Mateus et al. 2011a ). Both Espanhol et al. (2007) and Mateus et al. (2011a) found that genetic diversity is considerably higher in Iberian populations compared to European populations, which reflects the persistence and independent evolution in refugia and subrefugia during the ice ages.
For the sea lamprey, analysis of the mitochondrial control region has been used to compare populations from the Iberian Peninsula with populations from North America (Rodríguez-Muñoz et al. 2004) . Iberian samples showed an almost identical frequency of the observed haplotypes, but none of these haplotypes was found among North American populations, suggesting that sea lamprey populations living on each side of the Atlantic have a long history of repro- Philippart (2007) , Kestemont (2010) Kestemont (2010) Kestemont (2010) Germany n/t Freyhof (2002) n/t Freyhof (2002) n/t Freyhof (2002) 
DISTRIBUTION

Present distribution
The genera Petromyzon (monospecific) and Lampetra are represented both in Europe and North America, and within the genus Lampetra, 2 species, the European river and brook lampreys, are endemic to Europe (Hardisty 1986a) .
Petromyzon marinus is distributed on both sides of the North Atlantic. In North America, it occurs on the east coast from Labrador (Canada) in the north (53°N) to Florida (USA) in the south (30°N). In Europe, it can be found from the Barents Sea (Kola Peninsula, 70°N) in the north to the Iberian Pe ninsula (38°N) in the southwest and Adriatic Sea (40°N) in the southeast (Hardisty 1986b) . It has also been documented in the Aegean Sea (Economidis et al. 1999 ) and the Levantine Sea (eastern Mediterranean; Cevik et al. 2010) . Occasionally, it occurs off Iceland, Greenland and in the North and Baltic Seas (Hardisty 1986b) . It has occasionally been found at lower latitudes in northern Africa (Boutellier 1918 , Dollfus 1955 . Several landlocked populations inhabit the North American Great Lakes, but none has been reported for Europe (Kottelat & Freyhof 2007 ). Fig. 1A shows the present distribution of P. marinus on the Iberian Peninsula. In Spain, it occurs in most rivers flowing into the Can ta brian Sea and the Atlantic Ocean, as well as some of the Mediterranean (Fig. 1A) . Along the Cantabric coast, it is present in nearly all river basins located west of the River Deva. These basins include the Mera, Ouro, Masma and Eo in Galicia (Cobo et al. 2010) , and the Navia, Nalón, Sella and Deva in Asturias (Rodríguez-Muñoz 1992) . It occurs at the lower reaches of the River Bidasoa (Navarra), in the Bay of Biscay and at the eastern end of the Cantabrian Sea (Doadrio 2001) . Along the Atlantic coast, it can be found in the basins of the Rivers Mandeo, Anllóns, Tambre, Ulla, Umia and Lérez in Galicia (Cobo et al. 2010) , and in the Guadiana, Guadalquivir estuary, Guadalete and Barbate in Andalusia. In the Mediterranean, it is found in the Guadiaro and Ebro (Doadrio 2001; Fig. 1A) . In Portugal, it occurs in all major river basins (Minho, Lima, Cávado, Douro, Vouga, Mondego, Tagus and Guadiana, Fig. 1A ), being more abundant in the central and northern regions of the country (Almeida et al. 2008) .
Lampetra fluviatilis is restricted to European watersheds, where its range extends from southern Norway (around Bergen), along the Baltic and North Sea coasts, the Atlantic waters of the British Isles, France and the Iberian Peninsula (River Tagus), to the western Mediterranean (along French and western Italian coasts; Hardisty 1986c). It has also been reported for Turkey (Erguven 1989) . In contrast to the rare sea lamprey, the river lamprey is generally a common and widely distributed member of the ichthyofauna of the Baltic Sea (Thiel et al. 2009 In years of normal meteorological conditions, the first obstacle is a waterfall called 'Pulo do Lobo', located 85 km from the river mouth Table 2 . First obstacles to the migration of Petromyzon marinus and Lampetra fluviatilis in the main Iberian rivers and some main tributaries where they occur, with reference to their construction year, distance from the river mouth and, for the main basins with historical records, habitat loss quantification in the main stream. When the obstacle is located in a tributary, the main stream is given in parentheses. Numbers correspond to obstacles shown in Fig. 2 . Present available habitat and habitat loss were both measured along the main stream, with no information on tributaries. Data sources: Assis (1990) , GranadoLorencio (1991 GranadoLorencio ( , 1996 , Rodríguez-Muñoz (1992), Almeida et al. (2000 Almeida et al. ( , 2002 , Santos et al. (2002) , Quintella (2006) , , Cobo et al. (2010) , unpubl. data. NA: not applicable; -: lack of historical data targil dam in the River Sôr (91 km from the confluence with the Tagus) and Gameiro weir in the River Raia (20 km from the confluence with the Sôr; Table 2 , Fig. 2 ). The distributional range of Lampetra planeri coincides for the most part with that of L. fluviatilis, although the former penetrates farther inland in central and northern Europe (Hardisty 1986d) . L. planeri occurs in rivers draining into the North Sea north to Scotland and around Stavanger (Norway), in the Baltic Sea basin and in the Atlantic Ocean basin as far south as Portugal, in the Mediterranean basin in France and in western Italy. It occurs in the upper and middle parts of the Volga basin and in the Danube basin. On the Iberian Peninsula, the brook lamprey is more widely distributed than its parasitic counterpart (Fig. 1C) . It is widespread in the west Iber ian basins, with confirmed presence in the Douro, Esmoriz, Vouga, Mondego, Lis, Ribeiras do Oeste, Tagus and Sado river basins (Espanhol et al. 2007 , Mateus et al. 2011a . In Spain, a population inhabits the River Olabidea (Navarra) close to the Pyrenees, a tributary of the River Adour in France, which flows into the Cantabrian Sea at the Bay of Biscay (Doadrio 2001) . The genus Lampetra was recently reported during a sampling survey in the River Deva in the central Cantabrian Sea, northern Spain ); this population was later assigned to L. planeri (Perea et al. 2011) .
On the Iberian Peninsula, the 3 species live in sympatry in a single basin, the River Tagus, and within this basin, the co-occurrence of all 3 species has only been confirmed in the River Sorraia, the main tributary of the Tagus basin (C. S. Mateus et al. pers. obs.) . The sea and brook lampreys co-occur in other rivers, such as the Vouga and Mondego in Portugal and the Deva in Spain.
Historical distribution
Historical data on lamprey distribution in the Iberian Peninsula are very scarce. First records were published in the late 19th and early 20th centuries (Steindachner 1866 , Gibert 1912 ), but some data on lamprey distribution are also available from references on geography and history, with no details on species identity (e.g. Miñano 1827a, Escolar 1865). Because lampreys are rarely confused with other fish, these references are probably quite reliable in terms of how widespread lampreys were in the recent past. Before the building of insurmountable dams, lampreys were present at the headwaters and tributaries of all major Iberian basins (Miñano 1827a,b, Escolar 1865, Baldaque da Silva 1891, Granado-Lorencio 1991 , 1996 , Abel 1998 , Fernández Pasquier 1999 , Torrente 1999 , Doadrio 2001 , Pérez-Bote 2002 , Elvira 2004 , Pérez-Bote et al. 2005 , Frutos 2011 Fig. 2) . After the building of most of the dams during the second half of the 20th century (Santo 2005 , Cea Azañedo & Sánchez Cabezas 2007 , upstream migration became blocked at the lower stretches of all major rivers, interrupting the movement of lampreys along most of the main stem and principal tributaries, with an estimated 80% loss of accessible habitat (Table 2, Fig. 2 ). In the Guad al quivir river basin, some of the most important migratory species (i.e. sea lamprey, sturgeon Aci penser sturio L. and shad Alosa alosa L.) seem to have disappeared completely (Granado-Lorencio 1991).
HABITAT REQUIREMENTS
Lampreys distribute via 2 contrasting behaviours: upstream spawning migration of adults and downstream drift of ammocoetes. Through these opposing movements, adult lampreys find suitable spawning conditions, and ammocoetes locate the silted bottoms Table 2 ) to the migration of Petromyzon marinus and Lampetra fluviatilis, present available habitat (in black) and historically available habitat (dark grey) in the main river basins, and location of historical lamprey records (black dots). Historically available habitat was considered as the river stretch between the first insurmountable obstacle and the historical record located more upstream in the main course. When records were located in tributaries, the upper limit was considered their confluence with the main course. Only rivers with lamprey records are included. Data sources are given in the text ('Distribution' section) of the middle and lower courses, where conditions are favourable for their feeding and burrowing activities (Hardisty & Potter 1971) .
Ammocoetes
Studies of the influence of environmental variables on the distribution and abundance of larval lampreys have primarily focused on small-scale analysis of general preferences and requirements (e.g. Malmqvist 1980 , Almeida & Quintella 2002 , Sugiyama & Goto 2002 . Recently, the need to develop studies that allow the evaluation and prediction of lamprey occurrence/ abundance at multiple spatial scales has been emphasised. For example, Almeida et al. (2011a) found that the presence of Lampetra ammocoetes in Portuguese basins is strongly associated with abiotic macro-scale predictors related to lithology, altitude, water availability and temperature. This large-scale approach was particularly important, as the information gathered could be used as a tool to prioritise rivers for conservation of these species.
Ammocoetes select soft substrates where the current is slow but relatively constant, in mainstream areas protected from major environmental fluctuations and with a plentiful food supply in the form of microalgae and particulate organic matter. Such conditions are commonly found in eddies, backwaters, at bends or behind obstacles, where organic material tends to accumulate. These areas, which are often partially shaded by trees, are favourable for the growth of diatoms, the preferred food item (Hardisty & Potter 1971 , Hardisty 1979 ). Ammocoete colonisation is most dependent on stream gradients which dictate overall current velocity, the type of substrate particles that are deposited and the accumulation of organic debris (Hardisty & Potter 1971) . The influence of the sediment particle size and current velocity on ammocoete distribution was recognised early on by many authors (e.g. Hardisty 1944 , Baxter 1957 , Malmqvist 1980 , Morman et al. 1980 , Potter et al. 1986 , Almeida & Quintella 2002 . Other variables such as the organic content (e.g. Hardisty 1944 , Potter et al. 1986 , Waterstraat & Krappe 1998 , presence of macrophytes (e.g. Potter et al. 1986 , Waterstraat & Krappe 1998 , shading (e.g. Hardisty 1944 , Potter et al. 1986 , Waterstraat & Krappe 1998 and water temperature (e.g. Morman et al. 1980) were also con sidered important in determining the distribution of the ammocoetes.
Studies on the distribution and habitat selection of larval lampreys in the Iberian Peninsula have mainly focused on sea lamprey (Rodríguez-Muñoz 2000, Almeida & Quintella 2002 , Quintella et al. 2003 , Cobo et al. 2010 . Most of the unobstructed lengths of Iberian rivers run through low-slope landscapes, which makes larval habitats potentially more abundant than those required for nest building. On the Cantabrian coast, sea lamprey larvae are usually restricted to the middle and lower reaches of the main rivers, where suitable substrate of sand and clay are more common (Rodríguez-Muñoz 1992). In the River Sella (Cantabrian coast, northern Spain), larvae under 70 mm are more abundant in the middle than in the upper and lower river reaches, whereas no pattern was observed for larger larvae (Rodríguez-Muñoz 2000) . In the River Mondego (central Portugal), sea lamprey ammocoete distribution is strongly dependent upon sediment particle size. Smaller individuals (20 to 60 mm) are commonly found on silty, sand bottoms. Ammocoetes of 60 to 140 mm prefer a more heterogeneous substrate, with equal contributions of gravel and silt. Larger ammocoetes (140 to 200 mm) prefer coarsegrained sediments of sand or gravelly-sand (Almeida & Quintella 2002) . In this river, possibly due to a severe reduction in the habitat available for adult sea lampreys, ammocoete abundance is higher in areas where spawning activities are observed (Almeida & Quintella 2002) .
In Europe, spawning in sea lampreys starts at 15°C, whereas in river and brook lampreys it starts at 10 to 11°C (Hardisty & Potter 1971) . In the River Sella, sea lampreys spawn at water temperatures between 13 and 16°C, and eggs hatch and survive at temperatures between 15 and 23°C. Temperatures below this range limit survival (Rodríguez-Muñoz et al. 2001) . Larvae from age 0+ collected from the same river and maintained in the laboratory at different constant temperatures within the range of 5 to 30°C increased their body mass when reared between 15 and 27.5°C (Rodríguez-Muñoz 2000).
Adults
Typical spawning habitats for adults are generally found in upper river regions, in contrast with ammocoete habitats that are usually found more downstream (Waterstraat & Krappe 1998) . Ammocoetes release pheromones (bile acids) into the water, which play an important role in attracting anadromous adult lampreys towards those rivers containing larvae. Adult females are subsequently attracted to the spawning grounds by sexual pheromones released by mature males, the first to arrive and begin nesting activities (Hardisty 1986a ).
The 2 most important factors involved in the location of the spawning grounds are the presence of substrate suitable for the excavation of redds and relatively stable current flow. Both vary with the body size of the species. Larger lampreys, such as the sea lamprey, utilise sites where the gravels vary in diameter from 1.5 to 11.0 cm, whereas smaller brook lampreys choose particle sizes smaller than 0.5 cm (Hardisty 1986a) . Sea lampreys frequently spawn immediately downstream from weirs or other obstructions to upstream migration in strong currents (1 to 2 m s . Other variables such as stream order, stream size, water depth, shading and water temperature are also important in spawning site selection (Hardisty 1986a) .
The spawning behaviour during the riverine adult phase of the parasitic Lampetra fluviatilis from the Iberian Peninsula is still poorly understood, mostly because of the impediments derived from the conservation status and small size of the single existent population. Results of a study on the spawning migration of this species using radio transmitters (ATS-Model 1415; dimensions: 0.5 g in air, 6 mm in diameter and 12 mm in length) in the River Almansor, a small tributary of the Tagus river basin , revealed that diurnal resting sites are generally found in covered locations near the banks, in sites with moderate water velocity (0.22 m s −1 on average), about 35 cm in depth and mainly sandy bottom. Upstream spawning migration was exclusively nocturnal, characterised by a discontinuous movement alternating between periods of migration and periods of stationary rest. Surprisingly, an apparently transposable weir made of loose stones was actually insurmountable for the upstream-migrating adults. In fact, the relatively small size of spawning adults from this population (ca. 25 to 30 cm total length and 30 to 40 g weight) suggests that their swimming capability is probably much lower than that of Petromyzon marinus. The migrating adults exhibited, on average, a swimming velocity of 0.40 km h −1 (1566 body lengths h −1 ). This study was conducted for 3 yr, and during that period, only 12 adult river lampreys were caught, which is indi cative of the rareness of this population ).
LEGISLATION AND PROTECTION
The 3 lamprey species are listed in Annex III (protected fauna species) of the Bern Convention (Convention on the Conservation of European Wildlife and Natural Habitats) and in Annex II of the European Union Habitats Directive (92/43/EEC), which lists animal and plant species of interest to the European Community whose conservation requires the designation of Special Areas of Conservation (SACs) by the member states. Petromyzon marinus is listed in the OSPAR convention list (Convention for the Protection of the Marine Environment of the NorthEast Atlantic) of threatened and/or declining species, and their European populations are protected by Annex B-II of the European Habitats Directive and Annex III of the Bern Convention. The river lamprey is also listed in Annex V of the Habitats Directive, which lists animal and plant species of community interest, for which capture and exploitation may be controlled by management measures.
According to the Habitats directive, a SAC is a site of Community importance designated by the Member States through a statutory, administrative and/or contractual act where the necessary conservation measures are applied for the maintenance or restoration, at a favourable conservation status, of the natural habitats and/or the populations of the species for which the site is designated. These areas are then associated in a European ecological network called Natura 2000. This network, composed of sites hosting the natural habitat types listed in Annex I and habitats of the species listed in Annex II of the Habitats Directive, shall enable the natural habitat types and the species' habitats concerned to be maintained or, where appropriate, restored at a favour able conservation status in their natural range. The SACs for lampreys should be characterised by good water quality, clean coarse substrate at spawning grounds and the presence of fine sand/silt sediment downstream of spawning areas which may constitute ammocoete beds. Access from the sea to spawning areas must also be ensured for anadromous lampreys. Following this directive, several countries have already defined sites important for lamprey species to form part of the Natura 2000 network. For example, in 2004, Germany proposed a number of SACs in German Baltic waters to the EU Commission. These SACs cover parts of the estuarine Szcze cin Lagoon and adjacent waters, covering the main migration route of river lampreys to their most numerous spawning sites (Thiel et al. 2009 ). Also, a list of SACs for sea, brook and river lampreys has been proposed for Ireland (Kelly & King 2001) . The designated sites give particular emphasis to channels in which the 3 species are known to co-occur. Similarly, the primary reason for the selection of the River Teith (Scotland) to be proposed as a SAC was that, unlike many other British rivers, it supports populations of all 3 lamprey species (Maitland & Lyle 2003) . When species co-occur, since many of the habitat requirements of the 3 species are the same, particularly during the larval phase, the creation of SACs should benefit all 3 species (Maitland 2004) . In France, 84 Natura 2000 sites were designated due to, among other reasons, their importance to Petromyzon marinus. For Lampetra fluviatilis and L. planeri, 49 and 215 Natura 2000 sites, respectively, were defined in France (Muséum National d 'Histoire Naturelle 2003 .
For the genus Lampetra in Portugal, following an extensive sampling campaign where the presence and abundance of larvae were related to the characteristics of the habitat, a total of 31 river stretches from 8 river basins with the potential to be designated as SACs were identified ). Ten locations have been selected to be proposed as SACs only in the Tagus basin, of which 8 presumably support populations of the 3 species, as no obstacle to the migration of the 2 anadromous species is known to occur. However, site designation by the proper authorities will not be sufficient to ensure the conservation and protection of this genus, classified with the most threatened conservation status (Critically Endangered), as management actions will be required to ensure their conservation.
In the Iberian Peninsula, besides the classification in the threatened category of the Red Lists of both Portugal and Spain (Doadrio 2001 , Cabral et al. 2005 , the 3 species are protected by several laws. In Portugal, all 3 species are included in the following laws: decree no. 140/99 (DR 1999), Appendix B-II (and B-V for the river lamprey), transposition to the Portuguese legislation of the Habitats Directive (92/43/CEE), 21 May; decree no. 316/89 (DR 1989) , transposition to the Portuguese legislation of the Bern Convention (Appendix III); law no. 7/2008, which governs fishing activities in inland waters (DR 2008) , and respective publication of regulations. Additionally, the sea lamprey, as an important economic resource in Portugal, is also protected by the following: decree no. 43/87 (DR 1987) and decree no. 7/2000, which governs fishing activities in non-oceanic inland waters (DR 2000) , and complementary legislation for each river basin. In general, the fishing period for the sea lamprey is established between the beginning of January and the end of April. Captures are limited to lampreys over 350 mm in body length and to a maximum of 30 ind. d −1 for each fisherman. In river basins where the species is less abundant, the quota is lower (e.g. 6 specimens in the River Guadiana and 10 specimens in the Rivers Vouga and Cávado for the year 2011).
In Spain, all 3 species are listed for protection under decree no. 1997/95 (BOE 1995), Appendix B-II (and B-V for the river lamprey), transposition to the Spanish legislation of the Habitats Directive (92/43/CEE). The sea lamprey is included in decree no. 1095/89 (BOE 1989a), which determines the species subject to fisheries and hunting in Spain and the regulations that assure their protection, and decree no. 1118/89 (BOE 1989b), which determines commercial species subject to fisheries and hunting and the related rules. Laws no. 8/98 (DOE 1998) The brook lamprey is considered Of Special Interest in Navarra according to the Catalogue of Threatened Species of Navarra, decree no. 563/95 (BON 1995) , and the river lamprey is considered Regionally Extinct in Extremadura (Fallola et al. 2010b ).
FACTORS CONTRIBUTING TO POPULATION DECLINES
European populations of sea lamprey have declined dramatically over the last 25 yr (Lelek 1987) , and several authors have pointed out a reduction in sea lamprey abundance in Iberian rivers (e.g. Guimarães 1988 , Almaça 1990 , Assis 1990 , Granado-Lorencio 1991 , Almeida & Quintella 2002 ). This decline is also severe in the other 2 species occurring on the Iberian Peninsula, the river and brook lampreys, and several factors contribute to this reduction.
River impoundments
Habitat fragmentation and reduction by construction of large dams, weirs and other man-made barriers are among the main threats to lamprey populations both in Portugal (Cabral et al. 2005) and Spain (Doadrio 2001) . The 2 anadromous species are severely affected by this activity, which has fewer effects on the brook lamprey due to its non-migratory ecology. Table 2 shows the percentage of habitat lost with the construction of dams in the lower stretches of all the major basins, and on average 80% of the habitat that was historically used by lampreys in each river basin is now unavailable.
Dams and weirs block the longitudinal continuity of a river, limiting the access of adults to suitable spawning grounds. This reduces the available habitat for adults to spawn and for the growth and development of ammocoetes (Table 2, Fig. 2 ). Spawning grounds are usually located in upstream reaches, where temperature and oxygen conditions are suitable for spawning, egg incubation and early larval development. In a study on sea lamprey in the River Mondego (central Portugal), Quintella et al. (2003) observed that the abundance of ammocoetes was higher in areas around sea lamprey nests, due to the severe reduction in the area available for both spawning and larval growth. In this river, the sea lamprey is confined to the lower 35 km, and adults concentrate to spawn in the uppermost 5 km downstream from the Açude-Ponte dam.
On the Iberian Peninsula, most of the dams and weirs were built in the second half of the last century (Santo 2005 , Cea Azañedo & Sánchez Cabezas 2007 . During this period, about 20 dams yr −1 were constructed in Spain, and fish migration was blocked at most of the major Spanish rivers (Cea Azañedo & Sánchez Cabezas 2007) . Portuguese rivers are impounded by 166 dams and more than 3000 small weirs (Quintella 2006) . The number of weirs and dams with fish passes is extremely low in Portugal, and only a small percentage of the fish passes installed are still functional (Santo 2005) .
Pollution
First signs of river pollution caused by human activities have been timed around 5000 yr ago (Davis et al. 2000) , but it is not until the dramatic increase in mining, industrial and urban development that water contamination became the key and widespread problem we experience at present (Prenda Marín et al. 2006 , Gros et al. 2007 , Lorenzo et al. 2007 ). The beginning of the industrial era during the 19th century set the start of the decline of Spanish river ecosystems (Pérez Cebada 2008) .
Lampreys are known to be sensitive to pollution and, although few data are available, entire populations probably disappeared from rivers that became polluted. This is most likely the case of the River Ave in northern Portugal (Quintella 2006) , where sea lampreys were once considered common by Baldaque da Silva (1891) and have now vanished. Industrial pollution is probably also responsible for the extremely low density of sea lamprey larvae populations in the lower reaches of the River Cávado (Almeida et al. 2008) . Anadromous species are especially affected by pollution barriers during their spawning migration, but in the larval phase, both resident and anadromous species are affected.
Dredging and habitat destruction
Besides the loss of spawning and larval habitats caused by dams and weirs, several other anthropogenic actions may modify the physiographic features of rivers and streams. Sand extraction may drastically modify riverbeds and cause the destruction of larval habitats; it is therefore considered to be among the main threats to lamprey larval stages . Dredging also causes the removal of areas of riffles and associated spawning gravels, which will disturb the spawning activity of the lampreys. Channel and bank regulation can also cause the destruction of suitable spawning and larval habitats through removal of areas of riffles and dredging of suitable silt beds, respectively, and it can eliminate populations from entire river stretches.
Commercial exploitation
On the Iberian Peninsula, overfishing from commercial harvesting is a serious threat for Petromyzon marinus, particularly in the central and northern regions (Renaud 1997 , Doadrio 2001 , Cabral et al. 2005 . The high economic value of the sea lamprey in Portugal and some Spanish regions makes them a preferred target for both poaching and legal fisheries, creating a major threat to the sustainability and conservation of this species. The fishing gears traditionally used by professional fishermen to harvest adult sea lampreys in Portugal are drift trammel nets and large fyke nets (Quintella 2006) .
The gastronomic importance of sea lampreys is reflected by their high commercial value, which can easily reach €50 per animal during the peak of the season (Quintella 2006) . Sea lampreys are sold directly to restaurants or intermediaries without being taxed. For that reason, the official records of sea lamprey captures are far from being realistic. In the River Mondego (central Portugal), a study by Duarte et al. (2003) to assess the catch rate of a large fyke net used to harvest sea lampreys in the estuary is indicative of the number of animals that are captured annually. During the 2002 spawning season, between 6 January and 13 April, 555 lampreys were captured by a single fyke net with a catch rate of 7.4 ind. tide −1 (12 h). The same authors gathered additional unverified information about the catch rates of 6 local fishermen who used the same fishing gear. Between January and April 2002, in a total of 6 nets, 2846 lampreys were captured. These numbers are reflective of the threat that this activity, if not properly regulated, may pose to the survival of the exploited sea lamprey populations. The impact of poachers is also not negligible in Portuguese rivers. In a study by Andrade et al. (2007) that was aimed at investigating the spawning migration of sea lampreys in the Vouga basin (central Portugal) via radio telemetry, 76% of the tagged lampreys were recaptured by poachers, who delivered the transmitters to the researchers involved in the study in exchange for a €50 reward.
Climate change and water availability
Most Iberian rivers are within the temperature and oxygen concentration ranges required to sustain lamprey populations. However, a shift in these ranges due to global warming, especially in the southern basins, may cause the local extinction of lamprey populations. For Lampetra planeri, Hardisty (1961) found that even when spawning activity is well under way, a sudden but slight drop in temperature has often resulted in the almost complete disappearance of lamprey adults from the nests.
In a recent study, Lassalle et al. (2008) projected that, under a climate change scenario, by the end of the 21st century Petromyzon marinus will show a decrease in the basins bordering the east coast of the Adriatic Sea, in most of the Italian basins and in the Iberian Peninsula. The authors calculated that this species can disappear from the largest basins in the south of the Iberian Peninsula, remaining present only in the northern Minho basin. As the predictive model for this species included both temperature and precipitation as explanatory variables, a change in climate is projected to severely negatively affect the distribution of this species in its southern limit (Lassalle et al. 2008) .
Populations in the southern distribution of these species are inherently at risk of extinction because in addition to anthropogenic pressures, these basins are situated in a region at risk of being significantly affected by climate change. In the southern basins, where water availability is often critical during the summer period, activities such as water abstraction accentuate the pollution impact by diminishing the dilution capacity of the streams. This may be particularly alarming in the Sado basin, which represents the southern distribution of Lampetra. The population inhabiting this basin has been classified as an ESU by Mateus et al. (2011a) , constituting an important source of genetic variability, and should be prioritised in terms of conservation.
FINAL REMARKS AND RECOMMENDATIONS
On the Iberian Peninsula, like in many countries, the 3 species are classified as threatened (i.e. Critically Endangered, Endangered or Vulnerable. see Table 1 ). Based on genetic analyses that suggest differentiation between European and North American sea lamprey populations (Rodríguez-Muñoz et al. 2004) , we recommend that European and North American sea lampreys be considered as different populations that should be managed independently. In view of that, and considering its conservation status in the countries holding the main populations (i.e. France, Spain and Portugal), we propose that the European population of Petromyzon marinus be revised to a threat category in the IUCN Red List. Also, we recommend that the conservation units identified by Mateus et al. (2011a) for Iberian populations of Lampetra fluviatilis and L. planeri, following mitochondrial DNA analysis, be considered in future IUCN Red List revisions.
The recently confirmed presence of the genus Lampetra in a river basin in Asturias ) is indicative that this genus may occur in other rivers from this Spanish region and possibly in neighbouring regions like Galicia and Cantabria. Further data on the distribution of Lampetra in Spain is needed, especially in these regions, where its presence is expected.
During the larval phase, the 3 species occupy similar (often the same) habitats. Thus, factors that affect 1 species are likely to affect the other 2. Similarly, conservation requirements to enhance and restore populations are likely to be very similar for all 3 species (Maitland & Lyle 2003) . Petromyzon marinus and Lampetra fluviatilis, however, require a pathway from their adult feeding grounds in the marine environment to their spawning grounds, whereas L. planeri is a purely freshwater species, requiring access only between larval and spawning habitats. One of the main problems in the adult phase of migratory species is related to river impoundments, since the habitat that was historically used by these species is now unavailable. Based on historical records of lampreys in the upper reaches of the main river basins, we quantified range contraction caused by the construction of insurmountable obstacles in the lower reaches of most rivers to be no less than 80% of the original area. In the River Douro, the largest basin on the Iberian Peninsula, the loss was 96%, since the first dam is located just 20 km from the river mouth (Table 2 , Fig. 2 ). Management should focus on unblocking the lower stretches of all major river basins, so that adult and juvenile migration can be resumed. Unblocking can be accomplished by either the removal of barriers and weirs or the construction of functional fish passages in rivers where spawning and larval habitats are situated. Delimiting viable areas suitable to be used by ammocoetes, in conjunction with the restriction of economic activities such as sand extraction, can be effective conservation measures for the protection of larval habitats .
From data obtained through a predictive distribution model of the genus Lampetra in Portugal, Almeida et al. (2011a) identified a number of river stretches with the potential to become SACs. These cover the main migratory routes of river lampreys to their most numerous spawning sites and the most suitable larvae habitats for both river and brook lampreys. The identification of protected areas constitutes an important measure for the conservation of these species in Iberian rivers, and is particularly important for the protection of the single Iberian population of European river lampreys. Efforts should be made to restore lost spawning sites and the connectivity between them, as well as the nursery habitats. Such efforts would benefit all 3 species. The identification of conservation units following molecular studies (e.g. Mateus et al. 2011a ) is also of great importance to support plans focused on the maintenance of gene flow and the preservation of gene diversity.
In Portugal and some regions of Spain, the sea lamprey is a species with high economic value. In Portugal, it supports commercial fisheries in most of the major river systems. Despite the actual legislation controlling fisheries, this activity may lead to an overexploitation of this resource. Promoting the sustainable management of commercial exploitation can minimise the negative impacts of fisheries. It is important to gather reliable records of the professional captures in each river basin where this species occurs, and professional fishing regulations should be reviewed according to scientific background information.
Lamprey populations from the southern basins are particularly vulnerable to climate changes, and additional efforts should be taken when implementing management plans. In these basins, actions causing hydraulic stress and pollution should be the first to be minimised. Knowledge on the effects of pollution is very scarce, and research needs to be done to identify important pollution problems and their geographical location, so that actions to reduce or eliminate contamination sources can be implemented. 
